During the course of studies on the in vivo inhibition of the PR8 strain of influenza virus by tannic acid (Carson and Frisch, 1953), it was found that the virus invariably returned to the allantoic fluid, provided the incubation period was prolonged sufficiently. The present study was designed to obtain more information concerning the mechanism of this reappearance of virus.
MATERIALS AND METHODS
The details of the technique were given previously (Carson and Frisch, 1953) and consisted of the inoculation of standard amounts of influenza A virus (PR8 strain) into the allantoic cavity of 10 day old chick embryos. Thirty minutes later one to two mg of neutralized and filtered tannic acid were introduced and the fluids were harvested, tested for hemagglutination and for infectivity after stated periods of incubation at 37 C. In most of the experiments, hemagglutination was used as the sole indicator for the presence of virus. Although this procedure is admittedly less sensitive than infectivity titers, the two phenomena are related quantitatively (Fazekas de St. Groth and Cairns, 1952) . Furthermore, tannic acid does not preferentially destroy either function of the virus (Green, 1948; Carson and Frisch, 1953) .
RESULTS
In table 1 are shown the results of an experiment in which embryos infected with 100 ID60 of PR8 virus were given tannic acid at varying intervals thereafter. Pools of allantoic fluid were harvested and tested for hemagglutination and infectivity after 30 and again after 72 hours of incubation. The results show that the virus which was absent at 30 hours reappeared 42 hours later as indicated by hemagglutination levels only 1 This work was supported (in part) by a contract slightly lower than the controls. A single test for infectivity revealed that a maxmal titer of 10-7 had been obtained. The return of virus to the allantoic fluid occurred regularly despite an interval of only 15 minutes between infection of the embryo and administration of the tannic acid.
In order to acquire more detailed information concerning the reappearance of virus, closer time intervals for harvesting were employed. Neutralized tannate was injected 30 minutes after the inoculation of approximately 100 ID50 of PRS virus, and the allantoic fluids from pools of 7 embryos were tested at the intervals shown in table 2. After 12 hours, multiplication of virus was first evident in the control embryos as shown by its presence in the undiluted fluid. In the tannate treated eggs, the appearance of virus was delayed, but 48 hours later maximal amounts were detected.
In figure 1 are shown selected curves from an experiment in which two mg of neutralized and filtered tannic acid were injected 30 minutes after varied doses of virus.2 In this experiment aliquots of chorioallantoic fluid from groups of 6 eggs were sampled serially by a slight modification of a technique described by Green and Freymann (1949) . By this method 5 to 6 consecutive pools could be removed from the same groups of embryos, thus permitting a more valid comparison of changes in hemagglutination titers. The ID50 of virus was varied from 10 to 100,000, and in all instances the inhibition proved to be temporary only. In general the time of appearance of hemagglutinins was related directly to viral dosage in both the treated and untreated embryos. When frozen seed virus was used, a 2 In order to obtain an accurate and uniform dose, one ml amounts of undiluted virus in glass tubes were frozen rapidly in a dry ice-acetone mixture. Sealed tubes were stored at -70 C. The ID., of the frozen stock virus was then determined employing the formula of Reed and Muench (1938 1953] tivation of virus in the allantoic fluid is evident from changes in hemagglutination titers at one hour as compared with the level before tannate injection. With the exception of the two mg dose which showed a slight reduction, the membranes of treated embryos contained virus comparable with that found in the controls. The ability of virus to multiply within the membranes is demonstrated by return of hemagglutinins in the fluids 24 hours after tannate injection.
One explanation for the reappearance of hemagglutinins in tannate treated eggs would be an acquired resistance to tannate similar to that observed for the mumps-Friedliinder polysaccharide system (Ginsberg and Horsfall, 1949 Figure 2 shows the hemagglutination titers from the second experiment in which 107-1 IDso were inoculated into eggs. After 11 hours of incubation allantoic fluid was removed and 0.5 mg of tannate injected. Within 30 minutes a drop in hemagglutination titer was observed, and 12 hours later a distinct rise occurred. A second injection of 2 mg of tannate after 27 hours' incubation was followed by a pronounced fall in titer and an increase 21 hours later. Titers for control eggs given normal saline did not vary.
DISCUSSION
In the previous study (Carson and Frisch, 1953) the multiplication of the PR8 strain was prevented by the introduction of crude tannins, tannic, and digallic acids into the chorioallantoic cavity 30 minutes after viral inoculation. If tannate were mixed with virus, complete inactivation of 1,000 ID,0 occurred with as little as 0.01 mg even if the embryos were incubated for 96 hours. The present work indicates that the in vivo inactivation by tannic acid is temporary and that the virus invariably reappears in the allantoic fluid if sufficient incubation time is permitted.
The evidence now available suggests that both the in vivo and in vitro inactivations of influenza virus are probably related to the potent protein denaturing action of tannic acid. Similarly, Chantrill et al. (1952) were unable to differentiate between the protein precipitating properties of tannins and viral inactivation. They observed that virus was protected in the presence of excess protein and that the supernatants of tannin containing solutions which previously had been precipitated by protein did not destroy virus. Unpublished experiments by Ellen Talman in this laboratory have revealed a quantitative relationship between hemagglutination and the optical density of virus containing allantoic fluids treated with varying quantities of tannic acid. When the log of the hemagglutinating units per ml of fluid was plotted either against the log of the optical density or milligrams of tannic acid, a straight line relationship was obtained.' It has been demonstrated by Kilbourne and Horsfall (1949) that during the course of infection large amounts of viral, as well as nonviral, protein are liberated into the allantoic cavity. It would be reasonable, therefore, to assume that the appearance of virus after temporary suppression is due to the exhaustion of tannate by these proteins. Attempts to prove this point directly were hampered by the lack of a sensitive quantitative test for tannic acid. For this reason, indirect evidence and exclusion of alternative explanations for the reappearance of virus were utilized. These included the demonstration of the quantitative destruction of hemagglutinins in the fluids, the absence of resistance to tannate, and the presence of virus in the membrane. The latter is illustrated in table 3 where a significant ' Method of Miller and Stanley (1944) (Henle, 1949; Hoyle, 1950) , was it detectable in the membrane.
An additional argument in favor of the extracellular site of action of tannate may be found in figure 1 . The temporary inhibition of virus was followed by multiplication at a rate comparable to the controls. If the tannic acid had blocked the intracellular production of virus, the gradual release from its inhibitory action would have changed significantly the slope of the growth curve in a manner similar to that described for the fluoracetate-poliomyelitis (Ainslie, 1952 ) and for the nitroakridin-influenza B (Rasmussen and Stokes, 1951) systems. From figure 1 there also appears to be a direct relationship between the dosage of virus and the duration of inactivation by tannate. In the case of the interference phenomenon, largely an intracellular blocking mechanism, the challenging dose of infective virus does not influence the amount of inhibition (Henle and Henle, 1944; Fazekas de St. Groth and Edney, 1952) . To a lesser extent, the same criterion applies to the mumpsFriedlinder polysaccharide system (Ginsberg et al., 1948) .
If one assumes that the action of tannic acid is due to inactivation of extracellular influenza virus, then two explanations are available for the increase which occurs in the membranes.
(1) Virus need not necessarily be released into the extracellular environment but is able, through intracellular communication, to spread within the tissue itself. (2) The second and more likely alternative is that the chorioallantoic membrane is reinfected from embryonal sources other than the allantoic fluid (von Magnus, 1951) . Neither of these possibilities can be excluded by the type of experiment herein described, and they should be considered in all studies dealing with the quantity of virus in the allantoic fluid as compared with the membrane itself.
SUMMARY
The in vivo inhibition of the PRS strain of influenza virus by tannic acid has been shown to be a function of duration of incubation and dose of virus injected. If 30 minutes are allotted for penetration of as little as 10 ID60 of virus into the chorioallantoic membrane, it invariably reappear in the allantoic cavity despite a temporary delay of 24 to 36 hours which can be attributed to the presence of tannic acid. Once the effect of tannate is overcome, the virus is released into the allantoic fluid at a rate comparable with the control embryos. Evidence is presented to show that this phenomenon is not due to acquired resistance but rather to the inactivation of extracellular virus. Intracellular virus did not appear to be influenced.
